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as fungal keratitis by in vivo confocal microscopy:
a case report
Jiaxu Hong1,3,4, Qihua Le1, Sophie X Deng2, Wenjun Cao1 and Jianjiang Xu1*Abstract
Background: To report a case of non-typical Pseudomonas aeruginosa keratitis that was misdiagnosed as fungal
keratitis by in vivo confocal microscopy.
Case presentation: A 37-year-old Chinese woman presented with a 2-week history of increasing pain and redness
of the right eye. She was started on hourly topical fortified tobramycin and levofloxacin by the referring doctor
without improvement. She denied any improvement of her symptoms and signs. On examination, she had a large
central corneal ulcer extending to the peripheral cornea. Further symptoms included a satellite lesion, intense
conjunctival injection and marked corneal oedema. The corneal scrape was not performed initially because of the
deep infiltrate in the stroma. The patient was examined by in vivo confocal microscopy. Confocal microscopy
images showed hyper-reflective, thin, and branching interlocking linear structures in the stroma that were 5–8 μm in
width and 200–400 μm in length. The morphology was consistent with that of fungus. However, the histopathological
examination, Gram stain, and culture of the cornea only confirmed the presence of a Pseudomonas species within the
deep strom. No fungal element was found. The pathogen was sensitive to ciprofloxacin, gentamicin, levofloxacin,
tobramycin and amikacin.
Conclusion: This case reports the potential for a false positive finding of fungus in Pseudomonas aeruginosa keratitis
and emphasizes the importance of bacterial culture and antibiotic susceptibility testing in the management of
microbial keratitis.
Keywords: Pseudomonas aeruginosa keratitis, Fungal keratitis, In vivo confocal microscopyBackground
In vivo confocal microscopy (IVCM) enables microstruc-
tural analysis of the cornea. Multiple articles reported
that amoebic, bacterial, and fungal organisms were de-
tected in vivo in infectious keratitis [1]. Pseudomonas
aeruginosa keratitis (PAK) usually progresses rapidly and
presents with suppurative stromal infiltrate and marked
mucopurulent exudate. However, there are few articles
reporting the IVCM finding of PAK [2]. In this report,
we present a case of non-typical PAK that was misdiag-
nosed as fungal keratitis by IVCM.* Correspondence: jianjiangxu@126.com
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A 37-year-old Chinese woman presented with a 2-week
history of increasing pain and redness of the right eye.
She denied any history of ocular trauma or contact lens
wear. Her ocular history included bilateral high myopia
and retinal detachment in the left eye in twelve years
prior. She had no known drug allergies and no systemic
infections at the time of her presentation. She was star-
ted on hourly topical fortified tobramycin and levofloxa-
cin by the referring doctor without improvement. She
denied any improvement of her symptoms and signs. A
septic screening, including a chest x-ray and blood cul-
tures, was negative.
On examination, her best-corrected visual acuities were
light perception in the right and non-light perception in
the left. She had a large central corneal ulcer (Figure 1A)his is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Figure 1 A Pseudomonas aeruginosa keratitis case. (A) Slit lamp microscopic image of severe central corneal infiltrate (blue arrow) with intensive
conjunctival injection and a temporal satellite lesion (black arrow). Magnification: ×10. (B) Microbiological cultures obtained from a superficial corneal
swab showed the presence of Pseudomonas aeruginosa. (C) Hematoxylin and eosin stains demonstrate that the corneal specimen contains numerous
polymorphonuclear leukocytes (black arrow) and the epithelium and endothelium are absent (blue arrow). The lamellar architecture is lost and the
frayed collagen is the result of widespread collagenolysis. Magnification: ×40. (D) Gram staining shows that Pseudomonas species could be found in
the corneal deep stroma, which appear as short stubby rods and are Gram negative (blue arrow). Magnification: ×100.
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tense conjunctival injection, and marked corneal oedema
were present. The corneal scrape was not performed
initially because of the deep infiltrate in the stroma.
The patient was examined with an IVCM (Heidelberg
Engineering, Heidelberg, Germany). Interestingly, IVCM
images showed hyper-reflective, thin, and branching inter-
locking linear structures in the stroma that were 5–8 μm
in width and 200–400 μm in length. The morphology was
consistent with that of fungus by other articles (Figure 2A
and B). These hyper-reflective structures were surrounded
by infiltration of inflammatory cells (Figure 2C and D).
Topical amphotericin B, natamycin, and systemic itraco-
nazole were initiated immediately. A penetrating kerato-
plasty was performed after perforation occurred 3 days
later. However, the histopathological examination, Gram
stain, and culture of the cornea only confirmed the pres-
ence of a Pseudomonas species deep within the stroma
(Figure 1B~D). No fungal element was found. The patho-
gen was sensitive to ciprofloxacin, gentamicin, levofloxa-
cin, tobramycin and amikacin.
Discussion
Diagnosis of PAK can be challenging if patients show
the development of satellite lesions which are often cited
as a hallmark of fungal keratitis [3]. Although IVCM hasbeen used more frequently to diagnose fungal keratitis,
false positive results have been reported. Shi et al. first
reported that IVCM may not be useful in all patients
with fungal keratitis, especially at the late stage when a
low number of hyphae are difficult to identify [4]. Hau
et al. also found that Nocardia and other bacterial kera-
titis could be misdiagnosed as fungal keratitis by IVCM,
because linear hyphae-like opacities can be easily con-
fused with fungal hyphae [5]. In addition, Vaddavalli et al.
demonstrated that the subjects of 4 of 45 bacterial kera-
titis cases were misdiagnosed as having fungal filaments
on confocal microscopy [6]. Notably, although the in vitro
culture results indicated that the Pseudomonas species
in this case was sensitive to levofloxacin and tobra-
mycin, the patients seemed to be initially unresponsive
to hourly topically-fortified tobramycin and levofloxa-
cin eye drops. A possible explanation is that most of
the pathogen was located in the deep stroma which
may make it hard for the drugs to reach an effective
concentration. In addition, because Pseudomonas aeru-
ginosa and fungal keratitis are not exclusive of each
other, and the patient first received anti-fungal treat-
ment followed by antibiotic treatment, it seemed that
the co-infection was possible. However, no fungus was
identified in the microbiological smear, culture, or on
histological examinations.
Figure 2 In vivo confocal microscopy examination. (A~C) Images from different depth show hyper-reflective branching hyphae-like
bodies (white arrow) could be identified in the cornea. (D) Infiltration of inflammatory cells (black arrow) and necrotic tissues (hollow arrow).
Magnification: ×800.
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differences among IVCM findings between fungal and
pseudomonas keratitis. It has been reported that the
diagnostic accuracy of microbial keratitis by confocal mi-
croscopy is mainly dependent on observer experience
[5]. Difficulty in distinguishing host cells from pathogenic
organisms limits the value of IVCM as a stand-alone tool
in differentiating different kinds of microbial keratitis. The
common criterion used for the identification of fungal
filaments by IVCM was the presence of highly reflective
filaments varying in size between 3 and 8 μm. These fila-
ments were of uniform width with an irregular branching
pattern and were not seen in isolation. Other linear struc-
tures that could be confused with fungal filaments in-
cluded nerve fibers, collagen fibrils, scar tissue, blood
vessels, and striae [6].
Conclusion
To our knowledge, this is the first report of PAK that
was misdiagnosed as fungal keratitis by IVCM. This casereports the potential for false positive findings of fungus
in PAK and emphasizes the importance of bacterial cul-
ture and antibiotic susceptibility testing in the manage-
ment of microbial keratitis.
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